INTRODUCTION
Dendritic cells (DC) are central to immune response development, being the primary antigen presenting cells (APC) capable of stimulating na've T cells.
Attempts to study DC development and to identify genes and proteins which regulate cell differentiation and function have been impeded by the scarcity of DC in tissues and the difficulties associated with their isolation.
There is currently evidence for at least three distinct DC lineages, including Langerhans cells in skin, myeloid DC and lymphoid DC (Shortman & Caux, 1997) . It is believed that GM-CSF is an essential factor for development of DC of the myeloid lineage. The importance of GM-CSF has been demonstrated in many independent studies using different starting cell populations including CD34 / BM progenitors, peripheral blood monocytes and DC precursors isolated by various means from a number of lymphoid GM-CSF or its receptor still produce nearly normal numbers of DC (Vremec et al., 1997) . Similarly, GM-CSF transgenic mice or mice receiving an infusion of GM-CSF, do not have increased numbers of DC in most lymphoid sites except in lymph node and peritoneal cavity Vremec et al., 1997) . These results are consistent with other evidence that development of lymphoid DC from thymic precursors or pro-B cells can occur independently of GM-CSF (Bjork & Kincade, 1998; Saunders et al., 1996) .
A long term culture (LTC) system for production of murine DC has been developed which generates a continuous supply of immature DC from haemopoeitic precursors maintained ,within the culture without the addition of GM-CSF ,1999 O'Neill et al., 1999a) . Continuous production of cells depends on the presenc e of a stromal cell layer of endothelial and fibroblastic cells. A constant population of cells is released into the culture supernatent and can be readily collected for analysis. Cells produced in LTC have a cell surface phenotype resembling DC with high levels of CD 1 lb, CDllc, 33D1 and CD80/CD86 (Ni & O'Neill, 1997; . Their cell surface phenotype is more consistent with myeloid DC since the great majority of cells are LTC-DC maintain the functional characteristics of DC, being endocytic (Ni & O'Neill, 1997) and highly potent APC (O'Neill et al., 1999a) . They are migratory and can induce a protective anti-tumour immune response when pulsed with tumour membranes prior to adoptive transfer into mice (O'Neill et al., 1999b) . The majority of CD 1 l c / cells produced in culture do not express the CD8t marker which has been used to identify murine lymphoid DC in thymus (Saunders et al., 1997) , spleen (Leenan et al., 1998) and lymph node ). This result is consistent with LTC producing myeloid DC. However, development of DC in LTC depends on the presence of stromal cells and occurs independently of added GM-CSF, which is more consistent with lymphoid DC GM-CSF was added into the established 8GS4.1 GM-CSF -/-spleen-derived LTC at 16 weeks. The effectof GM-CSF on production of DC was monitored by FACS analysis over 12 days. GM-CSF was maintained at 300 U/ml for 12 days with a medium change every 3 days and the size and marker expression of cells produced was monitored by removal of an aliquot of non-adherent cells.
Initially, addition of GM-CSF resulted in an increase in the number of large non-adherent cells present in culture. By 3 days there was a notable increase in the % large cells over the starting population (Day 0). The culture composition changed from 41% to 76% large cells and a higher proportion of large cells was maintained over the 12 days of the experiment (Fig. 6 ). GM-CSF could be acting to increase the number of small or precursor cells which develop into large cells or enhance the number of large cells. There was a transient reduction in the level of expression of CDllc on both the large and small cells at 3 days coincident with this change in cell production (Fig. 6) . However, by 12 days, the proportion of large cells which are CDllc / increased to 73%, with 65% of small cells also CDllc/. Small subpopulations of CDllc/MHCII+cells were also detectable. Similar changes were also observed in 3 other LTC after addition of GM-CSF (all data not shown). By 12 days after GM-CSF addition, distribution of CD1 lc + or MHCII + cells amongst the small and large cell subsets resembled that of the starting cell population. The DC phenotype of cells was also confirmed by the high expression of CD86 on 96% of the large cells and on -90% of the small cells. This was measured at 6 and 12 days after exposure to GM-CSF (Fig. 6 ). CD86 is consistently expressed by >90% of large LTC-X1 cells and by -90% of small cells and has been consistently expressed on LTC-X1 cells over-7 years (Fig. 6) . In similar experiments using LTC from norml mice, GM-CSF has been shown to expand the number of large DC produced (Ni & ONeill, data not shown). However, continuous addition of GM-CSF to cultures reduces the small cell population over time and DC production in LTC ceases.
GM-CSF acts as a maintenance factor for DC
The effects of GM-CSF on DC versus their progenitors was determined by assessing the type of cells collected from LTC which survive and proliferate to form colonies in semi-solid agar colony assays.
Assays involved non-adherent cells collected from GM-CSF -/-spleen LTC. These assays have been performed previously to quantitate the production of DC colonies from non-adherent cells generated in LTC 
DISCUSSION
Previously it was shown that cells resembling DC both functionally and phenotypically could be produced in LTC without the addition of an exogenous source of GM-CSF ,1999 ).
This result contradicted many other reports on the importance of GM-CSF in production of DC in vitro from precursors isolated from blood, BM and peripheral lymphoid sites. A soluble biologically active factor resembling GM-CSF could not be detected in conditioned medium collected from LTC (Ni & O'Neill, 1997) . However, it was not possible to rule out the presence of endogenously produced GM-CSF secreted in very low levels or produced and presented to cells via a cell bound receptor such as heparan sulphate (Roberts et al., 1988 (Ni & O'Neill, 1997) .
The importance of stromal cells and stroma-derived factors in DC development from haemopoietic progenitors maintained in LTC has been demonstrated previously (Ni & O'Neill, 1998) . A combination of conditioned medium from LTC and stromal cells very effectively supports the formation of mature DC colonies in agar colony assays GM-CSF and GM-CSF in combination with IL-4 are also ineffective in producing DC colonies from LTC-derived non-adherent cells in agar colony assays . This again confirms an important role for stroma and stroma-produced soluble factors but not GM-CSF or IL-4 in the production of DC from progenitors.
GM-CSF can also substitute for stromal cells from GM-CSF -/-LTC in supporting the proliferation of a small number of DC colonies. This result is consistent with the presence ,of haemopoietic progenitors in LTC. Addition of GM-CSF to progenitors derived from GM-CSF -/-LTC induces differentiation/proliferation of colonies of DC with short membrane extensions. GM-CSF is not, however, a critical factor in the early stages of DC differentiation from progenitors and a small number of progenitors are present in LTC which are GM-CSF responsive. These may represent cells of a separate lineage or cells at a particular stage of development.
The data presented here also demonstrate a role for GM-CSF in maintenance or survival of mature DC in vitro. This was evident by an increase in the proportion of large cells present in GM-CSF -/-LTC supplemented with GM-CSF, and in agar colony assays where addition of GM-CSF maintained the survival of individual mature DC. The exact role of GM-CSF in the maintenance of DC survival is not yet clear but is under investigation. One possibility is that GM-CSF is anti-apoptotic and may act to increase the lifespan of DC as it does with eosinophils (Simon et al., 1997) . Alternatively, it may influence the maturafion or activation of DC at late stages during development. Cells from GM-CSF -/-mice may compensate for absence of a functional GM-CSF gene by utilising other stroma-derived factors to support DC survival. This argument is supported by evidence that addition of GM-CSF to LTC derived from GM-CSF -/-mice leads to an increase in the proportion of large DC present in LTC with no major changes in cell phenotype (Fig. 6 ). GM-CSF may initiate an additional pathway to support DC survival or maturation from precursors.
Another consideration is whether LTC-DC are more closely related to the apparent myeloid or lymphoid DC lineages (Shortman & Caux, 1997 (BM) as previously described (Ni & O'Neill, 1997; 1999 In vitro agar colony assay
The method for colony assays has been previously described (Wilson et al., 2000 a) . Non-adherent cells were collected from spleen LTC derived from GM-CSF-/mice, washed with sDMEM and resuspended into sDMEM at 37C. Double-strength culture medium (1 ml of 2X sDMEM) at 37C was mixed with Seaplaque agarose (1.0 ml of 1.6%w/v) (FMC Bioproducts, Rockland, ME) at 45C and 2 ml of growth medium containing added factors at 37C before the addition of 100 ktl of cells at 2x106 cells/ml. One ml of the cell suspension was pipetted into replicate 35 mm gridded petri dishes (Nunclon, 
